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posed between the first and fourth reflective mirrors. In 
this case, the second and third reflective mirrors pass 
light of the third wavelength and the fourth reflective mir- 
ror reflects light of the third wavelength. Therefore, light 
of the third wavelength oscillates between the first and 5 
. fourth reflective mirrors and is thus amplified. 

In this manner, each of three layers of light-emitting 
portions is interposed between a pair of reflective mir- 
rors. Light of different wavelengths from each of the 
light-emitting portions can thus be emitted from a single 10 
light-projecting portion 

In addition, the following relationship are satisfied: 
first wavelength < second wavelength < third wave- 
length. The reason therefor is discussed below. Light of 
a short wavelength has a high energy level, whereas is 
light of a long wavelength has a low energy level. The 
energy gap defined when a semiconductor emits light of 
a short wavelength is wider than that defined when a 
semiconductor emits light of a long wavelength. In addi- 
tion, if the optical energy Is greater than the energy gap 20 
of the semiconductor, a phenomenon in which the light 
is absorbed by the semiconductor occurs. 

With this aspect of the. invention, the first, second, 
and third light*emitting portions are arranged as layers 
in that sequence, in such a ? manner that the wavelength 2s 
of the light emitted thereby increases sequentially as 
the energy gap decreases. Therefore/ when light of the 
second wavelength passes through the first light-emit- 
ting portion, the optical energy thereof is less than the 
energy gap of the first Oght-emitting portion and thus the so 
light is not absorbed. Similarly, when light of the third 
wavelength passes through the first and second light- 
emitting portions, the optical energy thereof is less than 
the energy gaps of the first and second light-emitting 
portionsand thus the light is not absorbed. 35 

Thus, Light from a plurality of Hght-emttting portions 
formed in the depthwise direction can aB be emitted in 
the same direction. 

This aspect of the invention makes it possible for a 
single pixel to display a plurality of colors. Thus the res- 40 
dution of display can be greatly increased, in compari- 
son with a liquid crystal display device in which a 
plurality of colors is obtained by combining a plurality of 
dots. 

With the invention, it is also preferred that light of as 
the first second, and third wavelengths is emitted in a 
sequence at a predetermined period; the liquid crystal 
panel is driven in synchronization with that period; and 
a plurality of colors can be displayed by utilizing the 
after-image effect of the human eyes in response to the so 
time ratio of light of each wavelength passing through 
the liquid crystal panel during a unit time. 

With this aspect of the invention; the Oquid crystal 
panel is driven in synchronization with the period at 
which the light of the first, second, and third wave- ss 
E&igths rs switched. Thus light of only a desired wave- 
length, or rather, color, can be made to pass through the 
panel. In this case, if the continuous switching of colors 



is too fast, human eyes are unable to spot the changes, 
and thus the after-image effect can be used to give the 
appearance of mixed colors. The color display can be 
obtained in response to the time ratio of the light pass- 
ing through the paner. 

With the invention, it is preferable that the light-emit- 
ting element is a surface-emitting type of semiconductor 
laser; and at least one of a pair of cladding layers sand- 
wiching an active layer is formed to have a columnar 
shape with one direction of a cross-sectional surface 
thereof being shorter. 

In accordance with the invention, the laser beams 
can be emitted with the polarization planes thereof 
aligned in the shorter direction of the cross-sectional 
surface of the cladding layer. Further details are dis- 
closed in Japanese Patent Laying-Open Na 6-283818. 
With this semiconductor laser, it is sinr^ple to set the 
polarization plane of the laser beam beforehand, so that 
preferred light can be emitted to pass through the liquid 
crystal panel. 

The invention is preferably applied to a projection 
type of display device [ having a lens and screen. The 
display device could be a front projection display in 
which the. image is projected onto the front surface of 
the screen, or a rear projection display in which the 
image is projected onto the rear surface of the screen. 

BRIEF DESCRIPTION OP THE DRAWING 

The invention is described in detail with reference to 
the following drawings, wherein; 

Fig. 1 is an exploded perspective view of a liquid 
crystal panel and light-emitting element anray piste; 
Fig. 2 is a schematic view of a liquid crystal display 
device in accordance with a first embocfimerrt of the 
invention; 

Fig. 3 A is a perspective cross-sectional view of a 
semiconductor laser and Fig. 3B is a plan view 
thereof; 

Fig. 4 is a schematic view of a liquid crystal dtspfay 
device in accordance with a second embocfiment of 
the invention; 

Fig. 5A is a cross*sectional view of a semiconductor 
laser and Fig. 5B shows the relationship between 
optical energy and semiconductor energy gap; and 
Fig. 6 illustrates the method of driving the liquid 
crystal panel of the second embodiment 

DETAILED DESCRIPTION OF TH E PREFER RFD 
EMBODIMENTS • ■ 

Rrst Embodiment 

Preferred embodiments of this invention will now be 
descrfoed with reference to the accompanying figures. 
A schematic view of a liquid crystal display device i in 
accordance with a first embodiment is shown in Fig. 2. 
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This liquid crystal display device 1 is a projection type of 
display having three liquid crystal panels 10. 12, and 14 
and three tight-emitting element array plates 20, 22, and 
24. 

The arrangement is such that red (R), green (G), 
and blue. (8) light is emitted from the light-emitting ele- 
ment array plates 20, 22, and 24, respectively. Light that 
has been adjusted by each of the liquid crystal panels 
10. 12, and 14 is combined by a dichroic prism 15, is 
expanded by a lens 16, then is projected onto a screen 
17. 

In this case, an optical system 18 comprising the 
dichroic prism 15 and the lens 16 is configured in a 
known manner, so further description thefeof is omitted. 
If the liquid crystal display device 1 is viewed from the 
front surface of the screen 17, ft is a front projection dis- 
play device; if light passes through the screen 17 and is 
viewed from the rear surface thereof, it is a rear projec- 
tion display device. . 

An exploded perspective view of the liquid crystal 
panel 10 and light-emitting element array plate 20 is 
shown in Fig. 1, Ndte that the TOnfiguratbns of the liquid 
crystal panels 12 and 14 and light-emitting element 
array plates 22 and 24 of Fig. 2 are the sama 

In Fig. 1, the liquid crystal panel 10 is configured of 
a OqiAJ crystal 34 inserted between a TFT substrate 30 
and an opposing substrate 32, with a polarizer 36 
affixed to the outer surface of the opposing substrate 
32. The TFT substrate 30 is provided with a transparent 
pixel electrode 36 and a transistor 40 that acts as a 
switch for controlling the application of a voltage to the 
pixel electrode 38. A common electrode 42 is provided 
on the opposing substrate 32. The liquid crystal 34 is 
driven by a potemial difference between the pixel elec- 
trode 38 end ^ rorronbh electrode 42* The opposing 
substrate 32 is colorless and does not have a color filter. 

Note that the polarizer 36 is provided on only the 
outer surface of the liquid crystal panel 10; there is no 
polarizer on the side of the light-emitting element array 
plate 20. This is because the light emitted from the light- 
emitting eHemerrt array plate 20 is a laser beam, so that 
the polarization plane of the light is already orientated. 

The light-emitting element array plate 20 comprises 
a plurality of semiconductor lasers 50 arranged in a flat 
plane A perspective cross^sectional view of one of 
these semiconductor lasers 50 is shown in Fig. 3A and 
a plan view thereof is shown in Fig. 3B. More specifi- 
cally, the device is provided with the same number of 
semiconductor lasers 50 as pixel electrodes 38 in Fig. 1 . 
For example, the device has 640 x 480 of pixel elec- 
trodes 38 and the same number of semiconductor 
lasers 50. 

A reflective mirror 52 that forms a light-projecting 
portion of each semiconductor laser 50 is disposed 
within a region 44 that faces the pixel electrode 38 
which acts as a light-transmitting region, as shown in 
Fig. 1. 

In this case, each side of the pixel electrode 38 is 



about 20 jim and the diameter of the reflective mirror 52 
is about 0.5 to several jim. Each side of the semicon- 
ductor laser 50 is about 1 to 10 and some iuvl . 
Since the reflective mirror 52 is disposed within the 
5 region 44 being the pixel electrode 38 in this manner, 
the laser beam emitted from the reflective mirror 52 is 
not blocked by the transistor 40. There is thus no block- 
ing of the laser beam, and the efficiency with which the 
light Is utilized Is therefore greaBy Improved. This semi- 
10 conductor laser 50 is efficient in that the amount of heat 
generated thereby is small and the wavelength of the 
light it produces fe consistent 

The polarization plane of the light from the semi- 
conductor laser 50 is also aligned in the direction spec- 
is ified by the design. This configuration is described in 
detail in Japanese Patent Laying-Gpen No. No. 6- 
28381 8, so further description is omitted herein 

As shown in Fig. 3A, a reflective mirror 581$ pro- 
vided on a substrate 54 of the semiconductor laser 50, 
20 with a buffer layer 56 therebetween. A cladding layer 60* 
an active layer 62, and another cladding layer 64 are 
provided on the reflective mirror 58. : . 

A lll-V grpup compound setrtconductor such as 
AlGalnP or AJQaAs is used as the material of the active 
25 layer 62 lor red (Ft) laser GgJrt, arid a compound serrt- 
conductpr such as InGaN, GaN, SiC, or ZnSe is used 
for green (G) o* blue (B) laser Bght 

The cladding layer 64 has a columnar portion 64a. 
A section through the columnar portion 64a has a short 
$o side of W1 and a long side of W2, as shown in Fig. 3B. 
An electrically conductive contact layer 68 is formed on 
the columnar portion 64a, The columnar portion 64a 
and the contact layer 68 are sunounded by an embed- 
ding layer 66. 

36 An electrode layer 70 is formed on top of the 
embedding layer 66 and the contact layer 6Q. This elec- 
trode layer 70 is provided with a small apertyre70a;"Rie 
small aperture 70a is positioned over the contact layer 
68, but it is formed to be smaller than the contact layer 

40 68. The electrode layer 70 is therefore connected elec- 
trically to the contact layer 68, even though the anall 
aperture 70a is formed therein. The reflective mirror 52 
is formed within the small aperture 70& Another elec- 
trode layer 72 is formed on the opposite side of the sub- 

45 strate 54 from the buffer layer 56. The electrode layers 
70 and 72 apply a voltage for shaping an population 
inversion of carriers in the semiconductor. 

With this semiconductor laser 50, the polarization 
plane of the laser beam is parallel to the short side Wi 

bo of the cross-sectional surface of the columnar portion 
64a. Therefore, if each short side W1 of all the semicon- 
ductor lasers 50 of the tight-emitting element array plate 
20 is orientated in the same direction, the polarization 
plane of all of the laser light produced thereby, is 

55 aligned. This makes it possible to omit the conventional 
polarizer on the side of the light-emitting element array 
plate 20 in the liquid crystal display device 1 of this 
embodiment Since a polarizer does not align the polar* 
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ization planes, the efficiency with which the laser beam 
is utilized is increased. 

It should be noted that the cross-sectional surface 
of this columnar portion 64a is not limited to a rectangu- 
lar shape; it can equally well be an oval shapa In such $ 
a case, the polarization plane of the laser beam is 
aligned parallel to the short diameter. . 

A fight-emitting diode could be used instead of each 
of the above described semiconductor lasers 50. ft 
GhoukJ be noted that a resonant cavity provided with 10 
mirror layers such as distributed Bragg reflectors is pref- 
erable. In such a case, it is possible to obtain a narrow 
radiation angle and high ratio of light emission. 

Second Embodiment is 

A schematic view of a liquid crystal display device 2 
in accordance with a second embodiment is shown in 
Fig, 4. This liquid crystal display device 2 is a projection 
type of display having a pair of liquid crystal panel 60 20 
and light-emitting element array plate 82, a lens 84, and 
a screen 86 H the liquid crystal display device 2 is 
viewed from the front surface of the screen 86, it is a 
front pr^^ioh ! a^lay devk»; If fight passes through 
the screeri B6 and is viewed from the- rear , surface 2s 
thereof, ftiitfrtear projection ^display device. 

In a similar manner 1o that of the light-emitting ele- 
ment array plate 20 of Fig. 1, the light-emitting element 
array plate 82 is configured of a plurality of semiconduc- 
tor lasers 100. Details such as the arrangement of the so 
light-projecting portions of the semiconductor lasers 
100 are basically the same as in the above described 
first embodiment Each semiconductor laser 100 is 
capable of emitting laser beams in the three colors of 
red (R), green (G), and blue (B). The configuration 35 
thereof is described below. 

A cross^sectional view through the semiconductor 
laser 100 is shown in Fig. 5A. This sentf conductor laser 
100 has light-emitting portions 1 10, 120 t and 130, 

The light-emitting portion 110 Is formed of a clad- 40 
ding layer 1 12 of a p-type semiconductor, an active layer 
1 14, and a cladding layer 1 16 of ah 11-type semiconduc- 
tor. The active layer 114 is formed of a material that gen- 
erates a laser beam of a blue (B> wavelength. 

The light-emitting portion 120 is formed of a clad- 45 
ding layer 122 of a p-type semiconductor, an active layer 
124. and a cladding layer 126 of an n-type semiconduc- 
tor. The active layer 124 is formed of a material that gen- 
erates a laser beam of a green (G) wavelength. 

The light-emitting portion 130 is formed of a clad- so 
di ng layer 1 32 of a p-type semiconductor, an active layer 
134, and a cladding layer 136 Of an n-type semiconduc- 
tor; The active layer 134 is formed of a material that gen- 
erates a laser beam of a red (R) wavelength. 

A voltage is applied to the light-emitting portion 1 1 0 55 
through electrodes 1 10a and 1 10b, a voltage is applied 
to the right-emitting portion 120 through electrodes 
120a and 120b, and a voltage is applied to the light- 



emitting portion 130 through electrodes 130a and 130b. 

The arrangement is such that the light-emitting por- 
tion 110 is placed between reflective mirrors 141 and 
142, the light-emitting portion 120 is placed between 
reflective mirrors 1 42 and 143 and the light-emitting por- 
tion 130 is placed between reflective mirrors 143 and 
144. 

In this case, the reflectivity of the first reflective mir- 
ror 141 is arranged to be only slightly less than 100% for 
ail of the red (Ft), green (G), and blue (B) light. Therefore 
at least part of the reflective mirror 141 acts as a light- 
projecting portion for laser light This light-projecting 
portion is positioned within a region corresponding to a 
pixel electrode, in the same way as in the embodiment 
shown in Fig. 1. 

The second reflective mirror 142 is designed to 
reflect light of the blue (B) wavelength. Therefore, light 
of the blue (B) wavelength that has been emitted by thai 
light-emitting portion 110 oscillates between the reflec- 
tive mirrors 141 and 142, and is thus amplified by stim- 
ulated emission, ias shown in Fig; 5A. 

Note, however, that the reflective mirror 142 fe 
designed to pass light of the green (G) and red (R) 
wavelengths; 

The reflective mirror 143 reflects light of the green 
(G) wavelength. Therefore, light of the green (G) wave- 
length that has been emitted by the light-emitting, por- 
tion 120 oscillates between the reflective mirrors 141 
and 143, and is thus amplified by stimulated emission. 
The reflective mirror 143 is designed to pass light of the 
red (R) wavelength. 

The reflective mirror 144 is designed. to reflect at 
least fight of the red (R) wavelength. Therefore, light of 
the red (R) wavelength that has been emitted by the 
light-emitting portion 130 oscillates between the reflec- 
tive mirrors 141 and 144, and ie thus amplified by stim- 
ulated ^missiorv 

Irl the above described manner, the light-emitting 
portions 1 TO, 120, and 130 of this semiconductor laser 
1 00 can emit laser beams of the wavelengths of three 
colors: blue (B), green (G), and red (R). 

This semiconductor laser 100 is p^icuiaily charac- 
terized in having a multi-layer structure, in sequence 
from the fight-projecting portion, of the blue (B) fight- 
emitting portion 1 10, the green (G) light-emitting portion 
120, and the red (R) Bight-emitting portion 130. The rea- 
son for this wfll now be described with reference to Fig. 
5B. This figure shows the relationship between optical 
energy and semiconductor energy gap. ; 

The relationships between the wavelength XB of 
blue (B) light, the wavelength XG of green (G) light, and 
the wavelength XR of red (R) light are as follows: 

XB < XG < xr 

It is known that the optica) energy of light decreases 
as the wavelength increases. Therefore, the relation- 
ships between the energy hvB of blue (B) light, the 
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energy hvG of green (G) light and the energy hvR of 
red (R) light are as follows: ' 

hvR<hvG<hvB 

6 

It Is known that the energy gap of a semiconductor 
that emits light of a short wavelength is large and the 
energy gap of a semiconductor that emits light of a long 
wavelength is smafl.. Therefore, the relationships 
between the semiconductor energy gap EgR of the red. w 
(R) light-emitting portion 1 30, the semiconductor energy 
gap EgG of the green (G) light-emitting portion 120, and 
the semiconductor energy gap EgB of the blue (B) light- 
emitting portion 110 are as follows: 

is 

EgR < EgG < EgB 

H is also known that, if the optical energy is greater 
than the energy gap of the semiconductor, a phenome- 
non in which the light is absorbed by the semiconductor 20 
occurs. H is therefore preferable to have the one of the 
three light-emitting portions 110, 120, and 130 that has 
the largest energy gap disposed at the top. This 
ensures that light of a lower energy passes through 
semiconductor layers with larger energy gaps, so that it 2s 
is not absorbed thereby. 

In this case, the fight-emftfing portions 110, 120, 
and 1 30 of this embodiment are disposed in a sequence 
of the largest energy gap at the top; in other words, the 
light-emitting portions Tip, 120, and 130 are disposed so 
in a sequence of the largest emission energy gap at the 
top. 

Thjs arrangement ensures that the emitted light is 
not absorbed, increasing the efficiency with which the 
light is utilized. & 

The above described disposition makes ft possible 
for laser beams of three primary colors (red (R), green 
(G), and blue (B)) to be emitted from one light-projecting 
portion. It is also possible for each of the pixels of the 
liquid crystal panel to display any one of the three pri- <o 
mary colors. 

The method used for mixing these three primary 
colors to produce other colors will now be described. In 
the display device of this embodiment mixed light is dis- 
played by utilizing the after-image effect of the human <s 
eye, in answer to time ratio of light of three primary 
colors. 

The method used for driving the liquid crystal panel 
of this second embodiment is shown in Fig. & In this fig- 
ure, a first frame TT is divided into an R subframe TR, a so 
G subframe TG, and a B subframe TB, and the liquid 
crystal panel is driven in each of these subframes. The 
operation is the same for a second frame T2 onwards. 

User light of the red (R), green (G). and blue (B) 
wavelengths is emitted during each period correspond- ss 
ing to the R subframe TR, G subframe TG, and B sub- 
frame TB. One frame lasts for approximately 1/60 
second and each subframe lasts for approximately 



1/160 second. Note that this liquid crystal panel is 
driven in normally-black moda 

The laser beams are thus emitted in the sequence: 
red (R), green (G), then blue (B}< If the liquid crystal 
panel is driven in accordance with the subframes of the 
corresponding colors, combinations of laser beams of 
colors that have passed through the liquid crystal panel 
can be used to display mixed colors. 

For example, in the first frame Ti shown in Fig. 6, a 
drive signal is on only during the subframes TR and TG, 
so that red (R) and green (G) laser beams pass through 
the liquid crystal panel. This laser light is then displayed , 
on the screen 86 (see Fig. 4). The red (R) and the green 
(G) are mixed to be yellow (Y) to human eyes, utilizing 
the after-image effect. 

Alternatively, in the second frame T2, green (G) and 
blue (B) laser right is mixed to give the appearance of 
cyan (C) light 

Thus laser beams of two different wavelengths that 
pass through the panel within one frame can be used to 
display a mixed color. Similarly; mixing laser beams of 
three different wavelengths creates a transparent color. 

With this embodiment, a single pixel of a liquid crys- 
tal panel acts as a color pixel. This embodiment thus 
makes it possible to display with a resolution that is 
three times greater than that of a prior-art liquid crystal 
display device in which three dots act as a single color 



Claims 

1/ A liquid crystal display device comprising: 
a light source; 

a two-dimensional fight-emitting dement array 
plate formed of a plurality of light-emitting ele- 
ments, said light-emitting elements being 
arranged in a plane array, each of said light- 
emitting elements having a fight-projecting por- 
tion; and 

a liquid crystal panel having a plurality of pixels, 
each of said pixels corresponding to each of 
said light-emitting elements, said Bght-project- 
ing portion of each of said light-emitting ele- 
ments being disposed within a light- 
transmitting region of each of said pixels. 

2. The liquid crystal display of claim 1, further com- 
prising: • 

at least three pairs of said two-dimensional 
light-emitting element array plates and said liq- 
uid crystal panels, each of said two-dimen- 
sional light-emitting element array plates 
emitting light of a different wavelength from 
each other; and 

an optical system, said optical system combin- 
ing Bght from said two-dimensional light-emit- 
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ting element array plates, said optical system 
creating a color display. 

3. The liquid crystal display of claim 1, wherein each 

of said light-emitting elements is a semiconductor s 
light-emitting element comprising at least three lay- 
ers of a first, second and third light-emitting por- 
tions and four layers of a first, second, third and 
fourth reflective mirrors disposed in a depthwise 
direction, 10 

said first, second, and third light-emitting por- 
tions emitting light of first, second, and third dif- 
ferent wavelengths respectively that satisfy a 
relationship: first wavelength < second wave- is 
length < third wavelength, 
said first reflective mirror, said first light-emit- 
ting portion, said second reflective mirror, said 
sec^ light-emitting portion 
five mirnp^ siaid thW light-6irfttirtg portion, and 20 
the fourth reflective minror forming a multi-layer 
structure in that sequence, 
said first ref lective mirrbr having a less ref lectiv- . 
rty than said fourth reflective mirror to form said 
light-prqjecting porfi6]% 

said second, reflective mirror reflecting said 
light of said fast wavelength, said second 
reflective mirror passing said light erf 
ond and third wavelengths, 
said third reflective mirror reflecting said light of 30 
said second wavelength, said third reflective 
mirror passing said light of said third wave- 
length, 

said fourth reflective; mirror reflecting said light 
of said third wavelength. 35 

4. The liquid crystal display of claim 3, wherein said 
light of said first, second and third wavelengths is 
emitted in a sequence at a predetermined period, 
said liquid crystal panel is driven in synchronization 40 
with said period, and a plurality of colors can be dis- 
played by utilizing an after-image effect of human 
eyes in response to time ratio of light of each wave- 
length pasting through said liquid crystal panel dur- 
ing aunfttmrii 4$ 

5. The liquid crystal cfisplay in any one of claims 1 to 4, 
wherein each of said light-emitting elements is a 
surface-emitting type of semiconductor laser, said 
semiconductor laser having an active layer and a so 
pair of cladding layers, said cladding layers sand- 
wiching said active layer, at least one of said clad- 
ding layers having a columnar shape, said 
columnar shape having a cross-sectional surface, 
said cross-sectional surface being short in one 55 
direction. 



further comprising a lens and a screen to compose 
a projection type of display device. 

7. The liquid crystal display of claim 6, wherein an 
image is projected onto a front surface of sard 
screen to compose a front projection display. 

8. The liquid crystal display of claim 6, wherein ah 
image is projected onto a rear surface of said 
screen to compose a rear projection display. 



6. The liquid crystal cfisplay in any one of claims'! to5, 
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